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Abstract

The results show that the introduction of laser makes the arc wandering probability significantly

stretched, droplet stress state and transition behavior changed.

The droplet transition behavior of laser-arc hybrid surfacing with self-shielded flux-cored wire is studied.

reduced, arc space

Laser preposition is more beneficial to droplet

transfer and arc stability improvement than laser postposition. The optimal process parameters of laser-arc hybrid

surfacing with self-shielded flux-cored wire are laser preposition,
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light spot diameter of 2 mm and laser-arc angle of 30°.

laser-arc hybrid surfacing;

laser power of 2 kW, laser-arc distance of

When laser-arc distance is small and laser power is

the droplet transition mode is changed from repelled transfer to explosive transfer.

droplet transition; self-shielded flux-cored wire;
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Table 1 Experimental scheme

Position

Angle Distance . Wire . . Welding
) Spot relation Laser ) Welding Welding
Experiment  between ) between extension speed
diameter between power voltage current
No. laser and laser and length v/
X d /mm laser P./kW U /v I/A i
arca /(*) arc Dya/mm L /mm (memin ")
and arc
1 30 1,2,3 0 Laser preposition 2.0 25 26 220 0.6
2 30, 65 2 0 Laser preposition 2.0 25 26 220 0.6
—4, —2, 0, Laser preposition,
3 30 2 B 2.0 25 26 220 0.6
+2, +4, +8  laser postposition
—2,0, o 1.0, 2.0,
4 30 2 Laser preposition 25 26 220 0.6
+2, 4.0
*2 KA SEE
Table 2 Parameter table of laser-arc angle
Parameter Arc Hybrid surfacing Arc Hybrid surfacing

Angle between laser incidence direction and normal direction @ /(%) - 13 - 13

Angle between wire feed direction and normal direction 8 /(%) 17 17 52 52

Angel between laser and wire a /(%) - 30 - 65

laser beam

laser preposition !

L b

i oar

self-shielded flux-cored wire

base metal
%‘ postposition
| e—

surfacing direction

surfacing direction

distance between laser and arc

K2 Stz BRI AR 2

Fig. 2 Schematic of laser-arc position and angle
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Fig. 3 Results of arc surfacing and hybrid surfacing. (a) Distributions of voltage probability density;

(b) distributions of current probability density
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Fig. 4 Images of droplets. (a) d =1 mm; (b) d=2 mm; (¢) d=3 mm; (d) arc surfacing
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Table 3 Electric arc parameters of arc surfacing and hybrid surfacing

Standard Standard Variation
Variation Average
) Average deviation i deviation coefficient
Surfacing heat coefficient of arc
arc voltage of arc of arc of arc
source mode arc voltage current
U /v voltage current current
U /% I /A
S /v S /A kCD /%
. d=1 mm 23.83 1.36 5.69 193.42 25.52 13.20
Hybrid
d =2 mm 23.94 1.30 5.42 184.45 22.77 12.34
surfacing
d=3 mm 24.10 1.72 7.14 156.53 33.84 21.62
Arc surfacing 23.61 1.51 6.39 217.99 29.67 13.61
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Fig. 5 Images of droplet transition in arc surfacing when a =30°
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Fig. 6 Images of droplet transition in hybrid surfacing when a« =30°
F A4 a=30"N AR E A HEAR 1Y I S 4L

Table 4 Electric arcparameters of arc surfacing and hybrid surfacing when a =30°

Average arc Standard

Surfacing heat

Variation

coefficient of

Standard

Variation

Average arc deviation of coefficient of

voltage deviation of arc
source mode arc voltage current [ /A arc current arc current
U/V voltage S(U) /V
k) /% S /A k(D) /%
Hybrid surfacing 23.73 1.42 6.00 204.80 25.55 12.47
Arc surfacing 23.40 1.64 7.01 238.55 34.65 14.52
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Fig. 7 Images of droplet transition in arc surfacing when a =65°
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Fig. 8 Images of droplet transition in hybrid surfacing when a =65°
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Fig. 9 Images of droplet transition when laser is prepositioned and D, =0 mm
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Fig. 10 Images of droplet transition when laser is prepositioned and D;y =—2 mm
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Fig. 11 Images of droplet transition when laser is prepositioned and D;x = —4 mm
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Fig. 12 Images of droplet transition when laser is postpositioned and Dy =0 mm
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Fig. 13 Images of droplet transition when laser is postpositioned and Dy = —2 mm
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Fig. 14 Images of droplet transition when laser is postpositioned and Diy = —4 mm
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Fig. 15 Images of droplet transition when laser is prepositioned and Dy =+2 mm
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Fig. 16 Images of droplet transition when laser is prepositioned and D;,=-+4 mm
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Fig. 17 Images of droplet transition when laser is prepositioned and D, =+8 mm
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Fig. 18 Images of droplet transition when laser is postpositioned and Dy =+2 mm
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Fig. 19 Images of droplet transition when laser is postpositioned and D, =

+4 mm

& 20 BOGEE H Dia=+8 mm W% iiF o 3

Fig. 20 Images of droplet transition when laser is postpositioned and Dy =+8 mm
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Arc droplet parameters at different laser-arc positions

Table 5

Total frames Average
Distance Total frames Proportion Number of
Position ) of arc biased frame of Average
between of sampling of arc droplet
between ) toward laser o droplet  droplet transfer
laser and image F,/ ) biased toward transitions / o
laser and arc point F,/ ] transition / cycle T /ms
arc D ,/mm frame laser point /% counts
frame frame

+8 Laser preposition 5432 506 9 8 679 170

+8 Laser postposition 5432 2052 38 7 776 194

+4 Laser preposition 5636 5431 96 8 704 176

+4 Laser postposition 5703 5444 96 7 814 204

+2 Laser preposition 5908 5901 100 6 985 246

+2 Laser postposition 5364 5364 100 5 1073 268

0 Laser preposition 5771 5310 92 12 480 120
0 Laser postposition 5433 1380 25 11 493 124

—2 Laser preposition 5228 5092 97 10 523 131

—2 Laser postposition 5364 3879 72 7 766 192

—4 Laser preposition 5364 5297 99 14 383 96

—4 Laser postposition 5500 5123 93 8 687 172
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Table 6 Weld formation at different laser-arc positions

o

il

o

) Image of cross section Weld penetration Bead appearance
Surfacing heat source mode )
of welding bead h /mm parameter Y
X > 4
Arc surfacing ~ 1.90 0.24
Distance between laser and
o 1.00 0.27
arc Dip=—2 mm F
Laser in front
Distance between laser and
- 1.88 0.20
arc Dy =-+4 mm ‘
Distance between laser and
B - 1.20 0.28
arc Dip=—2 mm {*%

Laser behind

Distance between laser and

= . 3.20 0.25
arc Dy =+4 mm a2 e 2

‘T"e;,a.: E --?"

3.4 HMAINRWNBERPHBIELEBBHTENRMm N A o PR X HE T 2 T T A 2 9 A
P DR AR A 8 0 ok PR AR ISR 7w WL AL IHE 810 180 ms,
F T O AR A A T Ao R AE

Table 7 Characteristics of droplet transition in arc surfacing

Parameter Image of droplet transition Mode of droplet transition Average droplet transfer cycle T /ms

Content Repelled transfer 180
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Table 8 Characteristics of d

roplet transition in hybrid surfacing

Laser power Dia=—2 mm D Aa=0 mm Dia=-+2 mm
P, /kW Image Mode T /ms Image Mode T /ms Image Mode T /ms

Repelled Repelled Repelled

1.0 161 113 215
transfer transfer transfer
Repelled Repelled Repelled

2.0 125 143 285
transfer transfer transfer
Explosive Explosive Repelled

4.0 65 218
transfer transfer transfer
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Fig. 21 High speed camera figures.
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